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Description 



Composite of two parts ^ formed using a glue 




The invent ioH,2?ela/tes to the field of machine 
elements and is to be/uls^ for designing a composite of 
two parts, of whic/h Grie^is a rare-earth permanent 
maan el: and the pther^re ,a metSTic support. 
\4f^ In a known composite of this type (DE 195 38 

468 ^^^is)/ a first part in the form of a cuboid permanent 
magnet i^'^s^rewed onto a second part in the form of a 
cylindrical a>5r3se of a magnetic clutch. An epoxy resin- 
based glue which a dual curing mechanism is used 
.jEe^r — t fairs . - The invention is based on the discovery 
that such a glue is not, however, suitable for the 
15 permanent bonding of certain large -surfaced parts, such 
as e.g. a rare-earth permanent magnet and an iron pole 
of an electrical machine, because the thermomechanical 
property level of the epoxy resin glue is not matched 
in such a way, to the opposed thermal expansion 
20 coefficients of the elements to be used, that the 

elasticity of the bond produced in this, way could meet 
the extreme requirements which exist whenever two glued 
parts with an opposed thermal expansion coefficient are 
used in a temperature range of from -3 0**C to 150°C. Such 
25 conditions are encountered, for example, in permanent- 
field synchronous motors for the propulsion systems of 
ships (Jahrbuch der schif f bautechnischen Gesellschaft 
[Shipbuilders' yearbook] 81 (1987) , pp. 221 to 227) . 
Depending on the size of the glued permanent magnets, 
3 0 and therefore on 
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the size of the joint surface, thermally induced 
length-change differences between the glued parts of up 
to a few hundred fjixn can occur; the elasticity of the 
glued point or bond should permit such length- change 
.differences . 

It is therefore an object of the invention to 
ft^esign a composite, having the features of the preamble 
of patent claim 1, in such a way as to provide a 
composite which is stable over a wide temperature range 
even for parts with an opposed expansion coefficient 
and a large joint surface. 

This object is achieved according to the 
invent ftsu:! in that, in the case of a joint surface of 
ff*^ the rare-^i^th permanent magnet of at least 1000 mm^ and 

15 a f erromagn^^^ic pole of an electrical machine as 
metallic suppo^^:, the glue consists of an addition- 
crosslinking, s^bngle- component and self-adhesive 
silicone glue, the g3>ue layer having a layer thickness 
of from 70 to 150 fim containing spherical spacers 

in an amount of from 0 .'sN^ 5% by weight of the glue 
mass . 

Such a joint is distinguished by a highly 
.asti<?v bond that is stable over a wide temperature 
range, wi^&n very good adhesion on the two parts. To 
adjust the spaced joint, spacers in the form of glass 
and/or ceramic\^spheres have proved advantageous. The 
glass and/or ceramic spheres are either incorporated 
into the silicone g^ue before it is applied to one of 
the parts, or is 'bcattered over the pre-applied 
silicone glue bed whilb. the joint is still open. 
Spacers having a thickness Nof between 100 and 125 fim 
are preferably used. The presort ion in the silicone 
adhesive is pre- 
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ferably from 0.75 to 3, in particular approximately 1% 
by weight, expressed in terms of the total silicone 
glue mass . 

When producing the composite, it is sufficient 
if 'bbe silicone glue is applied to only one of the 
parts to^iae bonded . Which of the two parts to which it 
is applied x^\not important- The silicone glue is in 
this case e.g. ^p^^ad or applied using a dispenser 
technique to the parts. 

A fumed silica, e.g. Aerosil, may be 
incorporated into the glue intended for the novel 
composite in an amount of from 0.1 to 20% by weight, 
preferably from 0.5 to 10% by weight or, particularly 
preferably, from 2 to 5% by weight, the % by weight 
referring to the total silicone glue mass. This 
positively influences the wetting performance of the 
silicone glue . 

Addi t ion- crossl inking , s ingle - component and 
self-adhesive silicone glues are known per se. A 
silicone glue sold by the manufacturing company Dow- 
Corning under the reference "Q 3-6611" is preferably 
used for the novel composite . This glue is 
distinguished by a very high tensile strength, high 
expansion and high tear resistance in the temperature 
range mentioned in the introduction. 

With the design according to the invention, 
glued composites of an iron pole and a magnetic 
material, e.g. a rare -earth permanent magnet material 
produced by powder metallurgy ("VACODYM"), with a glued 
surface of more than 1000 mm^ can be mastered. The 
difficulty when producing such composites is that the 
large- surfaced 
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bonding partners have very different thermal expansion 
coefficients : 




"Vacodym" 
iron 



-1 X 10" /K in the joint plane 
14.5 X 10"^/K in the joint plane. 
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"Slhis means that the silicone glue must compensate, in 
thK. working temperature range, for length changes which 
- e^^^ressed in terms of the dimensions of the magnetic 
pieces may be a* few 100 //m. If the elasticity is 
insuf f icx^t , stresses occur in the glue bond so as to 
cause strength losses and premature failure of the 
bond. This ha^\been confirmed by shear- strength studies 
on bonds, especd^aj-ly after exposure to heating cycles, 
j^l^^ "^'''^^.s^The production of a composite design according 
y<to the ir^t^^^jition will be explained in more detail 
below. 

An adhesive bed of the addition-crosslinking, 
^i^ngle-contoonent , self-adhesive silicone glue Q 3-6611 
is first produced on one of the two parts. To that end, 
the silicone gsLue is spread over the parts with a layer 
thickness of 100^125 /zm. Since the silicone glue is a 
self-adhesive silnscone glue, i.e. one provided with an 
internal adhesive, \preliminary priming of the joint 
surface is not necesshjry. After the usual degreasing of 
the substrate surfaceVv e.g. using a solvent, the 
silicone glue can be spr^^d directly over the part. The 
wetting performance can \ be improved further, if 
required, by adding fumed sr^ica. Glass spheres having 
a diameter of 100 - 125 /im arev then scattered over the 
prepared silicone glue bed\ in an amount of 
approximately 1% by weight, expressed in terms of the 
total silicone glue mass. The se^nd part is then 
joined onto this layer, a spaced jointNjvith a 
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size equal to the diameter of the glass spheres being 
created. The final strength of the composite is reached 
by curing the silicone adhesive for 2 hours at 
approximately 150°C. 
5 A composite produced in this way was subjected 

to a shear- strength study. The shear strength in the 
initial state, and even after storage for 5 days at 
150 °C, was more than 5.7 N/mm^ irrespective of whether 
it was measured at room temperature or at 150 °C. 

10 The addition-crosslinking silicone glue does 

not release any byproduct when it crosslinks. The 
composite produced thereby meets the adhesion 
requirement > 1 N/mm^ at 150 °C and fulfils the 
requirement, with respect to thermal stability, placed 

15 on a permanent -field motor for the propulsion systems 
of ships which have such a composite. 

In the crosslinked state, the composite is 
virtually free of mechanical stresses and provides the 
requisite strength over the entire temperature range of 

20 from -30°C to 150°C, because the silicone glue 
crosslinks to form an elastomer with high expansion 
(250%) and high tear resistance. 
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